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INTRODUCTION
Niacin is the common name for the water-soluble vita­
min nicotinic acid, earlier called vitamin B,.. Nicotinamide 
or niacin amide is the amide of nicotinic acid. The free 
amide and the free acid are interchangeable in the nutrition 
of higher animals and of equal vitamin activity.
The vitamin is the curative factor for "canine black- 
tongue" and for "human pellagra". Niacin forms part of two 
coenzymes, nicotinamide adenine dinucleotide (NAD) and nico­
tinamide adenine dinucleotide phosphate (NADP). Tryptophan, 
an essential amino acid, has been clearly demonstrated to be 
converted to niacin by microorganisms and mammalian cells.
Niacin is known to be required by several species of 
animals including man, ruminants and poultry. The most im­
portant physiological functions which respond to niacin in­
take are growth, production and reproduction. Niacin is 
closely related to energy metabolism through its association 
with the coenzymes NAD and NADP. In hens the function which 
responds best to niacin is the hatchability of eggs.
Niacin is universally distributed in all living 
tissue. In general, cereals and their byproducts are rich 
in niacin but a large part of the nicotinic acid is found in 
a bound form unavailable to many organisms. Pulses and oil 
seeds are considered good sources of the vitamin and only a 
small portion of it is found in bound form.
An important objective of nutrition research is the 
assessment of the effective value of a nutrient in terms of 
the function it serves. In relation to niacin, the common 
quantities of feedstuffs used in layer rations should meet 
the hen's need for niacin based on the known minimum require-
-1-
2ment. In poultry feeds pure niacin is added to meet the re­
quirement for niacin because of lack of information concern­
ing the availability of feedstuff niacin for the chicken.
The best way to determine the availability of feedstuff nia­
cin is by a biological assay procedure measuring an appro­
priate physiological response. Such a response becomes the 
parameter measured in the assay.
Corn, soybean oil meal and wheat middlings are among 
the most important sources of feedstuff niacin in poultry 
feeds. Several workers have obtained evidence that the nia­
cin in corn is largely unavailable to microorganisms, dog, 
man, pig and rat. No information could be found in the 
literature on the availability of corn niacin for chickens. 
Further search of the literature revealed no information con­
cerning the availability of niacin in soybean oil meal either 
for the chicken or other species of animals. Some investi­
gators observed that the niacin in wheat is largely unavail­
able to the growing duck.
The objective of the research reported herein was to 
develop a bioassay procedure for determining the availability 
of niacin in yellow corn, soybean oil meal and wheat middlings 
for the hen.
3REVIEW OF LITERATURE
Human pellagra was recognized more than two centuries 
ago as being caused by dietary factors (from Eddy, 1939).
Black tongue syndrome in dogs was described by Goldberger et 
al. (1928), and an analogous syndrome in chicks was produced 
by Ringrose et al. (1931). Both the dog and chick syndromes 
have been accepted as analogs of human pellagra. Many in­
dependent experimental studies indicate an identical vitamin- 
deficiency etiology as being involved in dog and chick black 
tongue and human pellagra.
Elvehjem et al. (1937) discovered that niacin would 
cure black tongue in dogs. Ir? the same year Fouts et al. 
discovered that niacin would cure human pellagra as well.
Later, Briggs et al.(1942) demonstrated that chick black 
tongue could be prevented by niacin. It is of interest to 
note that niacin was a known chemical compound for seventy 
years before it was found to be a dietary essential. Huber 
(1867) had derived niacin by oxidation of nicotine. Niacin 
was isolated from rice by Suzuki (1912) and from yeast by
Funk (1913), but its role as a vitamin was not recognized.
Indeed, even before its role as a vitamin was discovered, 
nicotinamide was shown to be a functional group in coenzymes 
I and II.
Although several investigators clearly established 
that niacin was the pellagra preventive factor, the pellagra- 
genic effect of cereal grains was still somewhat of a mystery.
Later it was suggested by Kodicek (1940a,b) that a large amount
of niacin present in cereal grains is in a bound or biologi­
cally unavailable form which accounts for its pellagragenic 
activity.
4In the following years it was reported by Kodicek 
(1940b), Krehl and Strong (1944), Krehl et al. (1944),
Heuser and Scott (1953), Goldsmith et al. (1956), Kodicek 
et al. (1959), and Chaudhuri and Kodicek (1960) that the 
bound form of niacin is unavailable or partly available to 
the dog, microorganisms, chick, young duck, man, pig and 
rat, respectively.
Hinkson (1961), Manoukas (1963) and Ringrose et al. 
(1965) studied in detail and reported the effect of niacin 
requirements of hens for egg production and hatchability. 
Their studies were conducted with a purified niacin deficient 
diet supplemented with various levels of crystalline niacin. 
Therefore, no observations could be made on the availability 
of feedstuff niacin for hens.
5A. Bichemical Functions of Niacin.
Nicotinic acid is important in energy transfer because 
it forms a part of the two coenzymes; "nicotinamide adenine 
dinucleotide" (NAD or DPN or Co-I) and "nicotinamide adenine 
dinucleotide phosphate" (NADP or TPN or Co-II). These nico­
tinamide coenzymes are active as hydrogen (H) acceptors in 
conduction with "flavoprotein coenzymes" in cell respiration. 
The NAD and NADP function as co-factors in several dehydro­
genation reactions involved in the anaerobic breakdown of 
carbohydrates, in the citric acid cycle and in the deamina­
tion of glutamic acid. By 1954 there were some forty bio­
chemical reactions which had been identified as dependent 
upon coenzymes NAD and NADP. In general NAD and NADP in 





Oxidized coenzyme Reduced coenzyme
SCHEME I. - Function of the coenzyme NAD and NADP.
R stands for all the dinucleotide except 
the nicotinamide, the negative charge 
being associated with one of the phosphate 
groups in the coenzyme.
6B. Tryptophan and Other Factors Related to the Niacin.
The conversion of the amino acid tryptophan to nico­
tinic acid in animal tissue and microorganisms has been demon­
strated by Krehl et al. (1945), Briggs (1943), Yanofsky and 
Bonner (1951) and Benerjee and Basak (1957). During the last 
twenty years a vast amount of work was carried out concerning 
the conversion of tryptophan to nicotinic acid. A summary of 
the literature on the biological degradation of tryptophan 
and nicotinic acid may be found in the article by Dalgliesh
(1951) and of the biosynthesis of tryptophan and of nicotinic 
acid in the article by Yanofsky and Bonner (1951).
The generally accepted pathway of conversion of tryp­
tophan into nicotinic acid involves successively intermedi­
ates formylkynurenine, kynurenine, hydroxykynurenine and 
hydroxyanthranilic acid reported by Dalgliesh (1956). It was 
reported that this pathway involves the vitamins pyridoxine, 
riboflavin and thiamine and that the pathway is essentially 
the same in animal tissue and Neurospora.
Goldsmith (1956) reported that the mechanism for the 
conversion of tryptophan to niacin is relatively inefficient 
in man. Briggs (1945), West (1952) and Petterson (1956) 
reported similar observations for the chicken. Their studies 
indicate that it takes approximately 50 to 60 mg. of trypto­
phan to replace 1 mg. of niacin in man and chick. This con­
version, however, seems to be very efficient in the case of 
the developing chick embryo. Thus Dann and Handler (1941) 
and Snell and Quarles (1941) reported niacin synthesis by the 
developing chick embryo to the extent that the hatched chick 
contained ten to twenty times as much niacin as the unincubated 
egg. There are also reports in the literature that an amino 
acid imbalance will affect the conversion of tryptophan to
7niacin. Vivian (1964), however, suggested that a constant 
percentage of tryptophan is converted to niacin in humans 
regardless of the status of protein metabolism.
In addition to the relationship to tryptophan a 
number of other factors are related to the requirement of 
the animal for niacin. Cage (1911), Briggs et al. (1943), 
Ellinger et al. (1948), Heilderberger et al. (1949), Ortega 
and Brown (1959) and Yanofsky (1954) reported that the in­
testinal microflora modifies the niacin requirement of various 
animals including the chicken. Coates et al. (1951), Bilely 
and March (1951) and Gleaves et al. (1961) reported that cer­
tain vitamins and antibiotics may influence the requirement 
of chicks for niacin. Gaylor, et al. (1960), Briggs (1945) 
and Almquist (1957) reported that carbohydrates, fats and 
some amino acids affect the niacin requirement in chicks.
Krehl et al. (1946a) reported that the pellagragenic effect 
of corn in the rat was caused by the low tryptophan content 
and imbalance of other amino acids found in the zein.
8C. Bound Form of Niacin and its Biological Availability.
The existence of an alkali-labile bound form of niacin 
in cereal grains was established by Kodick (1940a,b). He 
noticed that most of the niacin of corn meal, wheat, wheat 
flour and rice powder did not behave like the niacin present 
in animal tissues. It was observed in chemical tests for 
niacin that an alkaline extract of these cereal grains gave 
higher values than a boiling water extract while the content 
of animal tissues was the same for both methods. A biologi­
cal test for niacin content using dogs agreed with the lower 
amounts obtained with the boiling water extract procedure for 
niacin in corn. Kodicek postulated that a large amount of 
niacin present in cereal grains is in a bound or unavailable 
form. He also suggested that alkaline hydrolysis would 
release the bound form to a free or available form.
Krehl and Strong (1944) and Kodicek and Pepper (1948) 
noticed that the microorganism, Lactobacilus arabinosus, was 
unable to utilize the bound form of niacin in wheat before it 
was liberated with sodium hydroxide.
There is evidence indicating that most of niacin in
cereal grains is unavailable to chicks and ducks. Krehl et
al. (1944) reported only partial availability of niacin of 
vitab, a rice bran concentrate, to chicks. On the basis of 
a chick assay the niacin present in vitab increased approxi­
mately 2.5 times after alkaline hydrolysis. Heuser and Scott
(1953) suggested that niacin in wheat standard middlings is
unavailable to the duck. Although the amount of niacin 
present in wheat standard middlings should have been adequate, 
additional niacin was required to prevent deficiency.
Goldsmith et al. (1956) reported that the bound form 
of niacin is unavailable or partly available to man. Chaudhuri
9and Kodicek (1950,1960) reported that the bound form is un­
available to rats. Kodicek et al. (1959) observed that a 
niacin deficiency produced in growing pigs fed a corn diet 
could be cured by the feeding of corn that had been soaked 
in lime water.
The bound form of niacin, called niacinogen, was 
first isolated from rice bran by Guha and Das (1957) and 
subsequently from wheat bran and c o m  by Das and Guha (I960). 
They indicated that bound niacin ingested through food would 
not be hydrolyzed by gastric juice. Seventeen amino acids 
were identified in niacinogen. These include all the essential 
amino acids except tryptophan. Kodicek and Wilson (1960) 
reported the isolation of another bound form of niacin in wheat 
bran which they called niacytin.
The relative distribution of bound niacin in a number 
of natural products has been surveyed microbiologically by 
Gosh et al. (1963). It appears from the results of this study 
that most of the niacin in cereals and forty per cent of the 
total niacin in oil seeds is present in bound form. Animal 
and fish tissues are devoid of any bound niacin.
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D. Basal Metabolic Rate and Its Relation to Vitamins.
Anderson et al. (1922) noted that the basal metabolic 
rate of hens deficient in vizamin "B" was about two thirds 
of that of normal hens. Gulick (1922) reported a similar 
result in a deficient rat. However, when the food intake 
of a rat supplied with "vitamin B" was reduced to the food 
intake of the rat that was deficient, Gulick (1924) reported 
that the metabolic depression in vitamin B deficiency is ex­
plained by the decreased intake of food energy alone.
Drummond and Marrian (1926) concluded that the lowering of 
the metabolic rate of rats in vitamin B deficiency was only 
a matter of food intake.
Voris (1937) concluded that vitamin B^ deficiency 
lowered the metabolic rate of pigeons beyond the effect of 
decreased food intake. Kleiber and Jukes (1942) reported 
that riboflavin deficiency did not lower appreciably the 
metabolic rate in chicks. Williams et al. (1942) observed 
an experimentally induced vitamin B^ deficiency in man.
During the deficiency basal metabolic rates were irregularly 
lowered by 10 to 33 per cent of the normal and the metabolic 
rate increased when vitamin B^ was again provided. The meta­
bolic depression in this experiment may have been a secondary 
effect of decreased food intake.
Mitchell and Haines (1927), Benedict et al. (1932) 
and Dukes (1937) reported the average basal metabolic rate 
of mature chickens under various conditions.
The determination of heat production requires the 
use of a respiration apparatus or calorimeter. Most of the 
investigators used the gravimetric respiration apparatus of 
Haldane (1892). Mitchell and Haines (1927), Mitchell et al. 
(1927), Bennedict et al. (1932) and Benedict (1938) determined 
the basal metabolism of the hen using the Haldane method.
11
Ritzman and Colovos (1941,1943) described and improved the 
use of Pettenkoffer's open circuit indirect calorimeter for 
domestic animals.
It has been customary to present data on basal heat 
production for comparative purposes on the basis of either 
a unit of body weight or a unit of surface exposed to radia­
tion. The relative dependence of these bases has been the 
subject of considerable discussion and disagreement. The 
subject has been critically discussed by Kleiber (1932), 
Ritzman et al. (1936), and Benedict (1938).
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E. Tissue Pyridine Nucleotides and Their Relation to 
Niacin Intake.
Following the discovery of coenzymes, NAD and NADP, 
and that nicotinic acid cured black tongue in dogs and 
pellagra in humans, a considerable amount of interest was 
aroused regarding the relationship of the coenzyme content 
of the tissues to the niacin intake in the diet. It was 
reasoned that since these coenzymes were important in many 
reactions in the body, they must be present in most tissues, 
and the concentration might be a reflection of the niacin 
intake.
Early studies investigated the effect of various 
levels of nicotinic acid intake upon the coenzyme I and 
niacin content of tissues of several species of animals.
Kohn et al. (1939), Axelrod et al. (1939) and Dann and 
Handler (1941) indicated in general that nicotinic acid 
deficiency results in a lowered coenzyme I value in the 
muscle and the liver of dogs and pigs but not in the other 
tissues studied.
Conflicting results have been published regarding 
blood coenzyme I levels in clinical pellagra, but experiments 
conducted by Kohn and Bernheim (1939), Vilter et al. (1940) 
and Axelrod et al. (1941) have shown that while blood coenzyme 
I may be increased slightly in normal persons by an excess 
dietary intake of niacin, there is no significant decrease in 
the coenzyme I content of the blood of pellagrins.
Axelrod et al. (1940) reported that there is no in­
crease in the coenzyme I content of tissues of rats fed excess 
niacin, and Dann and Kohn (1940) reported only a slight increase. 
This is in agreement with the fact that rats do not require a 
dietary source of niacin.
13
Anderson et al. (1944) made similar studies with 
chicks. They concluded that a direct correlation exists 
between the tissue nicotinic acid and coenzyme I levels in 
muscle and the nicotinic acid of the diet. A similar cor­
relation was noted between dietary niacin and nicotinic acid 
in the liver, but the coenzyme I level increased only slightly 
in the group on the highest nicotinic acid supplement. Heart 
and brain showed little increase in coenzyme I content with 
increase in dietary nicotinic acid. Fisher et al. (1955) 
reported that liver pyridine nucleotide concentration is not 
depressed by a niacin deficient diet fed to chicks.
Rather conflicting reports have been published 
recently by some investigators. Morrison et al. (1960) re­
ported that liver pyridine nucleotides were not depressed 
when a basal diet causing niacin deficiency symptoms was fed 
to rats, and a level of niacin which prevented a deficiency 
condition did not increase pyridine nucleotide concentration. 
Morrison et al. (1963) reported that a niacin deficient low 
tryptophan diet depresses both blood and liver pyridine 
nucleotides in rats and increases them when excess of niacin 
is added to the diet. Furthermore, their studies suggest that 
pyridine nucleotide levels do not reflect adequacy of niacin 
intake.
The effectiveness of niacin and tryptophan as pre­
cursors of pyridine nucleotides has been studied in the rat. 
Feilgeson et al. (1951) reported that niacin and tryptophan 
were equally effective as precursors of liver pyridine nucleo­
tides. On the other hand, Williams et al. (1950) reported 
that tryptophan was more effective as pyridine nucleotide 
precursor than niacin, and Burch et al. (1955) noted that 
niacin was more effective than tryptophan. Chapoulka et al. 
(1947) concluded that in young rats, previously depleted with
14
a niacin-free tryptophan -free diet, a supplement of trypto­
phan over the minimum requirement is used as precursor of 
pyridine nucleotides, and that niacin under these conditions 
does not cause an increase in blood pyridine nucleotides.
In determining pyridine nucleotides in tissues dif­
ficulties arise in the extraction of the oxidized and 
reduced forms, in the protection from enzyme activity and in 
the separation from chemically similar compounds. Trichlor­
acetic acid has usually been used for acid extraction.
Levitas et al. (1947), Feigelson et al. (1950), Burch et al.
(1955) and Schnellenberger and Hellerman (1958) have 
described and improved extraction procedures with trichlor­
acetic acid. To quantitatively determine pyridine nucleo­
tides advantage is taken of the difference in the ability of 
these compounds to react with various reagents to form 
fluorescent material or to be converted to forms with dis­
tinctive absorption peaks for spectrophotometric measurement.
The general methods used in determining pyridine 
nucleotides in animal tissue are chemical or enzymatic and 
involve spectrophotometric of fluorometric measurements.
A spectrophotometric method has been developed by 
Gutcho and Stewart (1948) based on the ability of NADH and 
NADPH to absorb light at 340 mp. Their method has been 
improved and used for animal tissue by Feigelson et al. (1950). 
The-method is valuable for measuring the pyridine nucleotide 
concentration in certain tissues, such as liver, muscle and 
heart.
The fluorometric methods are very sensitive and can 
be used in the instances where there is only a very small con­
centration of pyridine nucleotides. A basic method was de­
veloped by Huff and Perlzweing (1949) and improved by Burch 
et al. (1955) and Lowry et al. (1957).
15
The enzymatic methods have the advantage of being 
both sensitive and specific for the various forms of the 
coenzymes. Several methods have been reported of which the 
most important are those described by Racker (1950), and 
Glock and McLean (1955) .
16
F. Vitamin Bioassays.
Biological assays for vitamins have been considered 
in books written by Coward (1947), Bliss (1952) and Finney
(1952). They involve measurement of a particular physio­
logical response associated with the ingestion of a particu­
lar vitamin. A demonstration that a given amount of vitamin 
will cure a specific deficiency syndrome does not necessarily 
constitute an assay. There is need to determine how much of 
the biologically active vitamin will produce what degree of 
a cure.
There are several prerequisites which must be. met 
before a bioassay of a vitamin in a diet can be accepted as 
valid. The response measured must be shown to be a function 
only of the vitamin which is being assayed. The units of 
response and of dose which are chosen must lead to a straight 
line over a range which is wide enough for practical assay 
purposes. The degree of response of the test animals must be 
shown to be linearly related to the doses of the vitamin added, 
or to some constant fractions of such doses. A single dosage- 
response curve should be computed and only the central part of 
the curve within which the dosage and response is essentially 
linear should be used. The regression equation should be of 
the form:
Y = a + b(X - x) (1)
where, a is equal numerically to the mean response, y, over 
all dosage levels included in the calculations; x is the mean 
of doses and b is the slope of the line, called regression 
coefficient. The capital letter, X and Y, refer to the given 
dose and the observed response, respectively. The computation 
of the regression equation and its evaluation for a vitamin
17
bioassay are described in detail by Bliss (1952). If the 
regression equation (1) is to form the basis of an assay, 
it will be concerned not in predicting a future response 
from a known dose but rather in using the observed response 
to predict an unknown dose. For this purpose equation (1) 
is rewritten as:
X = x + (Y - y)/b (2)
This gives a point estimate of X where one usually prefers 
a confidence interval estimate. Procedures for computing 




Two experiments were conducted to study the effect of 
the available niacin content of a diet upon the basal metabolic 
rate (BMR) and tissue pyridine nucleotide (PN) concentration 
in hens. The objective of these experiments was to determine 
whether or not the relationship of niacin intake to BMR and 
PN concentration could be used in determining the availability 
of feedstuff niacin for the chicken.
Four experiments were carried out with hens to deter­
mine the availability of niacin in yellow corn meal, soybean 
meal, and wheat middlings for the chicken. The hatchability 
of eggs was used as the main criterion for determining niacin 
availability. Data on feed consumption, egg production and 
body weight were also recorded and used as secondary criteria 
for determining niacin availability.
Individual laying cages three tiers high were used to 
house the experimental stock. Diet treatments were randomized 
to groups of three hens through out the cage unit, thus in­
suring that each diet treatment was tested with an equal number 
of hens on each tier of the cage unit. Room heat was supplied 
to provide an approximate 15 to 18° C. temperature during the 
cold months of the year. The cage room was force ventilated 
and a 14-hour lighting schedule was used. All hens were fed 
individually and ad libitum.
Previous work at this Station resulted in the develop­
ment of a minimum tryptophan, low niacin purified diet. By 
analysis, the diet averaged to contain 0.13 to 0.14 per cent 
of tryptophan and less than 0.60 mg. of niacin per kg. of 
diet. It was complete in other nutrients on the basis of
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current knowledge and when fortified with adequate niacin, 
the diet was consumed in near normal amounts.
The niacin deficient basal diet used in the experi­
ments to be reported is presented in Table 1. The niacin 
content of the basal diet and studied feedstuffs was deter­
mined by the microbiological assay of Barton and Wright (1944). 
The tryptophan content of the basal diet and studied feedstuffs 
was determined by the microbiological method of Green and Black 
(1944).
Addition of crystalline nicotinic acid to the niacin 
deficient diet gave the desired levels of niacin for study. 
Addition of a quantity of the feedstuff, with or without crys­
talline niacin, gave the desired diets for determining the 
availability of feedstuff niacin for the hen. Adjustments for 
fiber, fat, protein and tryptophan were made when yellow corn 
or soybean meal were added to the basal diet.
The New England College Conference breeder ration (C) 
containing approximately 57 mg. of total niacin per kg. of feed 
was used as a natural feedstuffs control in the first experi­
ment. The C diet is presented in Table 2.
Prior to the start of an experiment the hens were fed 
the C diet and shifted gradually from it to the purified diet 
to which adequate niacin was added. Following an adjustment 
period to the purified diet, the treatments were randomly 
assigned and the experiment was initiated. An effort was made 
to balance the three hen groups on the basis of previous egg 
production records, before the randomization of the treatments.
Individual egg production and treatment group feed con­
sumption records were maintained. Egg production and feed con­
sumption was calculated on a hen-day basis. Egg production 
was recorded daily and feed consumption at the end of each two- 
week period.
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Supplied per kilogram of finished feed: manganese, 59.8;
iodine, 1.2; iron, 20; copper, 2.0; zinc, 20.0; cobalt, 0.2; 
milligrams: potassium, 0.52; and magnesium 0.13 per cent.
, j-,-|
Supplies per kilogram of finished feed: vitamin A,
22,000 I.U.; vitamin D, 1,650 I.C.U.; vitamin E, 24.2 I.U.; 
vitamin K, 4.4; thiamine hydrochloride, 8.8; riboflavin, 11; 
d-calcium pantothenate, 22; pyridoxine hydrochloride, 6.6; 
chline chloride, 1,100; biotin, 0.22; cobolamin, 0.33; and 
inositol, 1,100 milligrams.
*
Composition of diet by analysis: 0.134 per cent tryptophan
and 0.55 milligrams niacin per kilogram of feed.
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TABLE 2. - New England College Conference breeder ration, 
1964, and its calculated total feedstuff 
niacin content.
Ingredient Per cent Niacin
mg/kg
Ground corn 67.00 13.4
Standard wheat middlings 5.00 6.2
Soybean oil meal (44%) 10.00 2.0
Fish meal (60%>) 3.75 3.2
Meat and bone scrap (50%>) 2.50 -
Stabilized fat 1.00 -
Alfalfa meal (220,000 I.U. vitamin A/kg) 2.50 1.2
C o m  distillers dried with solubles 2.50 2.0
Dicalcium phosphate 0.50 -
Ground limestone 5.00 -
Iodized salt 0.25 -
Manganese (gr/100 kg) 6.00 -
Zinc (gr/100 kg) 1.70 -
Vitamin supplements added+ + -
+ Supplied per kg. of finished feed: vitamin A, 4400 I.U.;
vitamin D, 1500 I.C.U.; vitamin 0.007 mg; riboflavin,
2.2 mg; d calcium pantothenate, 5.5 mg; niacin, 23 mg.
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Individual body weight was recorded on the first and 
last day of each experiment and at intervals during the ex­
perimental period. Observations on the health of the hens 
were made during the experiments.
In order to obtain hatchability data the hens were 
artificially inseminated twice weekly with pooled semen from 
several males. The eggs were gathered once daily and held in 
a 15°C. temperature egg room and incubated weekly. The eggs 
for each hatch were candled after the first seven days of in­
cubation. Any eggs observed as being infertile or containing 
an early dead embryo were broken and grossly examined to dis­
tinguish between infertility and early dead embryos. The 
eggs which did not hatch at the end of 21 days were broken 
and examined for dead embryos. Mortality and hatchability 
records were maintained.
For brevity and convenience in reporting the data, 
the following abbreviations are used:
C - The New England College Conference
breeder ration containing approxi­
mately 28 mg. of feedstuffs niacin 
and 23 mg. of added crystalline 
niacin per kg. of feed.
N , . - The niacin deficient diet (basal).
su scrip subscript denotes the quantity
of crystalline niacin added to the 
basal diet in terms of mg. per kg. 
of feed.
Z , .  ^ The adapted basal diet containingsubscript . f, i... j- „u
c a variable quantity of corn. The
subscript denotes the quantity of
total niacin supplied by the corn
in terms of mg. per kg. of feed.
ZN , . - The adapted basal diet containingsubscript _. r- ,
r a fixed amount of corn. The sub­
script denotes the quantity of 
crystalline niacin added to the 
diet in terms of mg. per kg. of feed,
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SN , . - The adapted basal diet containing
subscript j *.-4. r •. ir a fixed quantity of soybean meal.
The subscript denotes the quantity
of crystalline niacin added to the
diet in terms of mg. per kg. of
feed.
TN , . - The adapted basal diet containing
su scrip a fixed quantity of wheat middlings.
The subscript denotes the quantity 
of crystalline niacin added to the 
diet in terms of mg per kg. of feed.
The data for basal metabolic rate, tissue pyridine 
nucleotide concentration, hatchability, egg production, feed 
consumption and body weight were analyzed statistically to 
determine differences among treatment groups. The analysis 
of variance of Snedecor (1956), the multiple range test of
Duncan (1955), Student’s t-test and analysis of covariance
as outlined by Steel and Torrie (I960) were employed.
In the presentation of the data the 0.05 level of 
probability was used as the measure of a significant dif­
ference between treatments.
Tables 19 through 36 are Appendix Tables.
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A. Development of a Bioassay Procedure for Niacin.
In poultry feed formulation, supplemental niacin is 
used to meet the requirement for niacin because of lack of 
information concerning the availability of feedstuff niacin 
for the chicken. The best way to determine the availability 
of feedstuff niacin is by a biological assay procedure 
measuring an appropriate physiological response. Such a 
response becomes the parameter measured in the assay.
Several responses have been studied in chickens with 
the objective to develop a suitable bioassay procedure for 
niacin availability.
The response of BMR and tissue PN concentration to 
niacin has been studied and is reported here.
Manoukas (1963) and Ringrose et al. (1965) studied 
the effect of crystalline niacin upon feed consumption, egg 
production, body weight, egg niacin content and hatchability 
of eggs from hens fed various levels of niacin. It was 
reported that the hen required a minimum of 0.8 mg. of niacin 
per hen per day for egg production and 1.0 mg. per hen per 
day for hatchability of eggs produced. Study of the data 
shows clearly that a level of niacin intake which is adequate 
for hatchability will be adequate for any other requirement 
of the hen as well. Furthermore, hatchability of eggs responded 
best to the niacin intake among the characteristics studied and 
it was found to be a well recognizable linear function of niacin 
intake over a relatively wide range of intake, It is believed, 
therefore, that hatchability data would indicate whether or not 
a quantity of niacin intake is adequate for any function of the 
hen, as well as the approximate amount of the available feed­
stuff niacin intake. Of course the latter will be true only 
under the condition that the amount of available niacin is less
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than the minimum requirement of hen for hatchability.
Using the data of Manoukas (1963) and Ringrose et al. 
(1965), the effect of niacin upon hatchability in relation to 
time is presented in Table 3 and graphically in Figure 1. The 
response of hatchability to various levels of niacin intake 
for a period of ten weeks is presented in Table 4 and graphi­
cally in Figure 2. The response curve was linear within the 
niacin intake range 0.134 and 0.935 mg. This constituted the 
potential assay range. Table 4 also presents the mean response 
of feed intake and egg production to the various levels of 
niacin intake.
The regression of hatchability (Y) on the niacin in­
take (X) is significant at the 0.01 level of probability. The 
computed regression line is shown graphically in Figure 3, 
together with the linear equation,
Y = 3.74 + 90.9X (a)
derived from the indicated relationship. Its coefficient of
2
determination is r = 957o, its estimated variance of estimated
2
mean Y for given X is s^ = 9, and its prediction value for a 
mean value of Y for given 0.25 < X  < 0.75 is Y = Y  + 7.1% for 
a 95y per cent confidence interval.
The linear equation (a) is used to estimate the un­
known available niacin X associated with the observed mean Y 
value of hatchability. For this reason this equation is re­
written as
X = 0.011Y - 0.041 (b),
where X denotes the available niacin intake expressed in mg. 
per hen per day and Y is the observed mean response of hatcha­
bility expressed as per cent. In this case a 95y per cent con­
fidence interval for the true, but unknown, X value is X +
0.191 for observed mean 22 < Y <  76. Due to the origin of
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TABLE 3. - Effect of supplemental niacin upon hatchability.
Week
Diet designation*
N2.2 N4.4 N6.6 N8 .8 N11 N22 N44
1 83 85 91
per cent 
92 89 79 88
2 45 67 86 82 87 89 88
3 19 42 75 80 85 87 84
4 18 38 54 76 82 80 87
5 7 36 62 80 79 79 88
6 3 17 46 72 76 86 87
7 4 14 33 68 77 75 82
8 4 11 26 71 86 69 87
9 0 18 20 70 87 76 86
10 4 7 14 72 88 77 83
Mean 19 34 51 76 84 80 86
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FIG 1. Effect of niacin upon hatchability
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TABLE 4. - Response of hatchability to supplemental niacin 














mg/hen/day per cent gr/day per cent
1 N2.2 0.134
13.8 61 35
2 N2.2 0.169 22.9 77 45
3
N4.4
0.312 22.5 71 40
4 N4.4
0.343 44.1 78 40
5 N6.6
0.538 53.4 82 55
6 N6.6 0.550 46.7 83 60
7
N 8.8
0.744 76 .2 85 53




1.036 91.6 94 73
11 N22
2.068 88.5 94 76
12
N44




3.916 87.1 89 72
15 C 2.530 93.0 110 85
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FIG 2. Response of hatchability to niacin intake 
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FIG 3. Regression line of hatchability on niacin 
intake for a period of ten weeks in hens
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equation (b), values of 13 >• Y ^ 85 should not be used for 
predicting available niacin intake.
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B. Measurement of Basal Metabolic Rate, Experiment 1 .
Sixteen White Leghorn hens, 18 months of age, were
used in an initial experiment to determine the response of
BMR to niacin intake. Half of the hens did not lay any eggs 
during the experimental period and the rest laid at a very 
low rate of egg production. The experiment was conducted for 
a period of 9 weeks. The hens were alloted at random to four 
diet treatments, four hens per treatment.
One group was fed the niacin deficient basal diet
(Nq ). A second group was fed the basal diet to which 44 mg.
of niacin per kg. of feed were added (N^) . A third group 
was fed the diet during the first week of the experimental
period, the C diet during the last two weeks of the experiment 
and the diet in between them (N^/Nq/C). A fourth group 
was fed the New England College Conference ration (C). The 
basal metabolism of the hens was measured for a twelve-hour 
period at the end of the periods specified in the tables. Body 
weight figures are the mean body weight of the hens recorded 
before and after the BMR measurements.
Individual metabolism measurements were made by means 
of the Pettenkoffer1s open circuit respiration chamber described 
by Benedict et al. (1934) and improved by Ritzman and Colovos 
(1941). The chicken respiration chamber was kept in an air con­
ditioned room for constant temperature and comfort of the hen. 
Gas meter, spirometer, manometers, ventilation speed control, 
desiccators, barometer and thermometers were installed on the 
chamber for yielding accurate information and making the neces­
sary corrections. The chamber used was of 124-liter capacity 
and the ventilation rate was 1.5 to 3.5 liters per minute.
Air sample analysis was made by means of Carpenter's 
gas analysis apparatus described by Carpenter (1933) and im­
proved by Ritzman and Colovos (1943). It consists of a
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burette, a compensator tube, water jacket, potassium hydrox­
ide pipette for CO2 absorption and an oxygen absorbent pipette. 
The temperature of the ingoing air, the temperature in the 
chamber, the temperature of the outgoing air, the moisture of 
the circulating air and the barometric pressure were under 
observation and recorded.
The heat production was calculated from the measured 
ventilation (reduced to 0°C. and 760 mm pressure) and the 
analysis of the representative air sample of the experimental 
period. From the oxygen consumption at the caloric values 
indicated by the respiratory quotient, the total number of 
calories was obtained. The basal metabolism was measured for 
a 12-hour period and after 24 hours of fasting as is suggested 
by Mitchell et al. (1927). In view of the observations made 
by Mitchell and Haines (1927) and Benedict et al. (1932) that 
the thermic neutrality of hens is between 15° and 28°C., parti­
cular care was exercised that the chamber temperature did not 
exceed these limits.
The cage inside the chamber was not sufficiently large 
to permit of much movement, and the relatively complete dark­
ness prevailing inside also tended to discourage activity of 
the hen. The muscular activity of the chicken was under ob­
servation through a small glass window fixed at the top of the 
chamber. However, it was impossible to control absolutely the 
muscular activity of the hen and other prerequisites for basal 
metabolism, consequently the BMR reported in this study is not 
strictly basal, but ''approximately basal".
Because of the uncertainty that attaches to the use 
of surface area formulae the data for BMR are presented on the 
basis of a unit of body weight. The heat production has been 
computed on the assumption that the total respiratory quotient 
is non-protein. This simplification results in a usual error
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of less than 2 per cent according to Zuntz and Schumburg 
(1901), and it is not of any importance for hens according 
to Titus (1949).
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C. Determination of Pyridine Nucleotides. Experiment 2 .
Forty-five White Leghorn hens, 12 months of age, were 
used in an initial experiment to determine the response of 
tissue pyridine nucleotide (PN) concentration to niacin intake. 
Three diet treatments were used, fifteen hens per treatment.
The experiment was conducted for a period of 9 weeks.
One group was fed the niacin deficient diet (Nq ). A 
second group was fed the 65 per cent corn diet presented in 
Table 5, to which was added 1.60 mg. of niacin per kg. of feed 
(ZN^ g). This diet contained a total amount of 17.85 mg. of 
niacin per kg. of feed and 0.156 per cent tryptophan. Data 
of this Station indicates that the maximum niacin availability 
in corn for the hen is approximately 50 per cent. In this 
case diet ZN^  ^ supplied 9.73 mg. of available niacin per kg., 
which represents approximately the minimum requirement of hens 
for niacin for hatchability. A third group was fed the niacin 
deficient diet to which 44 mg. of niacin per kg. of feed were 
added (N^) .
Feed consumption, egg production, and body weight data 
were collected. Hens chosen at random at the end of each 
week, specified in the tables, were killed and samples of breast 
muscle, heart and liver were taken for determination of the 
oxidized form of nicotinamide adenine dinucleotide (NAD+) and 
nicotinamide adenine dinucleotide phosphate (NADP+), called for 
brevity pyridine nucleotides (PN) in this study. Analysis for 
PN was made by the method of Feigelson et al. (1950) which in­
volves homogenization of the tissue in trichloracetic acid, 
adsorption of the extracted PN on charcoal, elution with pyri­
dine and spectrophotometric analysis of the eluate at 340 m|i 
after reduction with sodium thiosulfate. Initially it was 
found difficult to homogenize the breast muscle samples. However,
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it was found that freezing of the muscle sample in the Potter- 
Elvehjem homogenizer with dry ice and acetone improved the 
homogenization and this technique was used beginning the fifth 
week of the experimental period.
Two hens from group NQ and two hens from group 
were killed at the end of each week beginning the third week 
and ending the ninth week of the experimental period. Four 
hens from group ZN^  ^were killed at the end of each week from 
the sixth to the eight week. Two hens were killed at the end 
of the experiment. Approximately 1 to 3 grams of tissue sample 
were taken and two determinations per homogenized sample were 
carried out.
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D. Niacin Availability in Certain Feedstuffs.
The development of a bioassay procedure for available 
niacin has been developed and described in the section A of 
this chapter. After defining the potential and the suggested 
assay range, assays of available niacin from various feedstuffs 
were attempted. Yellow corn meal, soybean oil meal and wheat 
middlings were tested.
The basal diet as formulated and adapted was proved 
to be deficient in no dietary factor other than niacin. The 
most serious problems encountered in niacin bioassay is the 
effect of dietary tryptophan and the chicken microflora on 
"sparing11 niacin, when the test feedstuff replaced an equiva­
lent amount of the niacin deficient basal diet. Since no 
definite information could be found on these problems, efforts 
were devoted to maintaining the tryptophan content of all 
diets as close as possible to the minimum requirement and to 
adjust the rest of the dietary nutrients to approximately the 
same levels found in the niacin deficient basal diet.
Feed consumption, egg production and body weight data 
was used to assist in the interpretation of the results ob­
tained from equation (b). Hatchability data was used also for 
direct comparisons with corresponding hatchability data ob­
taining by feeding crystalline niacin in previous experiments.
White Leghorn hens were used in all experiments.
1. Available Niacin in Corn. Experiments 3 and 4 .
Two experiments were conducted to determine the 
availability of niacin in yellow corn. Both experiments were 
conducted for a period of 10 weeks. In experiment 3, the hens 
were alloted to four treatments, 12 hens per treatment. The 
corn basal diet used, designated ZNq , containing 40 per cent 
corn meal is presented in Table 5. The corn in this diet
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TABLE 5. - Composition of corn diets.
Ingredient, per cent
Exp. 3 Experiment 4
zo Z8.7 5 Z11.25 Z13.75 Z16.25
Corn meal 40.00 35.00 45.00 55.00 65.00
Corn starch 23.99 30.69 21.99 13.29 4.59
Crude casein 9.26 9.54 9.02 8.51 8.00
Gelatin 7.33 7.14 6.76 6.38 6.00
D ,L-methionine 0.21 0.22 0.22 0.21 0.20
Di-Ca-phosphate 3.50 3.50 3.50 3.50 3.50
Limestone 7.65 7.65 7.65 7.65 7.65
Iodized salt 0.50 0.50 0.50 0 .50 0.50
Trace mineral mix 1.60 1.60 1.60 1.60 1.60
Vitamin mix 0.56 0.56 0.56 0.56 0.56
Corn oil 3.00 1.60 1.20 0.80 0.40
Cellulose (Solka Floe) 2.40 2.00 2.00 2.00 2.00
Tryptophan, per cent 
by analysis: 0.157 0.154 0.155 0.155 0.151
Niacin from corn, 
mg./kg. by analysis: 8.96 8.75 11.25 13.75 16.25
*
Composition listed in Table 1.
**
Composition listed in Table 1.
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supplied 8.96 mg. of niacin per kg. of feed and constituted 
the first dietary treatment. Crystalline niacin was then 
added to the corn basal diet to provide three additional 
diets containing 5.0, 10.0 and 15.0 mg. of crystalline nia­
cin per kg. of feed. These diets are called ZN,., ZN^q and 
ZN^i-, respectively. The tryptophan content of the corn was 
0.075 per cent and of the^cliets 0.157 per cent.
In experiment 4, the hens were alloted to four dietary 
treatments, 15 hens per treatment. Four diets were formulated 
containing 35, 45, 55 and 65 per cent yellow corn meal. These 
diets are presented in Table 5 under the designation Zg
^11 25’ ^13 75 anC* ^16 25’ resPect^vely• addition, after
termination of the 10-week experimental period, 1.6 mg. of
crystalline niacin was incorporated in the Z^g 25 diet and
hatchability, feed consumption and egg production were recorded
for an additional six weeks. The main objective of this
addition was to check the adequacy of niacin intake for this
group.
2. Available Niacin in Soybean Meal. Experiment 5 .
Sixty hens were used to determine the niacin availa­
bility from soybean meal. The hens were alloted to four 
treatments, 15 hens per treatment. The experiment was con­
ducted for a period of 12 weeks.
Table 6 presents the soybean basal diet, designated 
SNq, containing 25 per cent soybean meal. The soybean meal 
in this diet supplied 7.95 mg. of niacin per kg. of feed.
The calculated tryptophan content of the soybean basal diet 
was 0.157 per cent. Crystalline niacin was then added to the 
soybean basal diet to provide four experimental diets con­
taining 3.0, 5.0, 7.0 and 9.0 mg. of crystalline niacin per 
kg. of feed. These diets, called SNg, SN,., SN^ and SN^,
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TABLE 6. - Composition of soybean oil meal and 
wheat middling basal diets.




Soybean oil meal (47.257o) 25.00 -
Wheat middlings - 7.00
Corn starch 48.49 54.99





Iodized salt 0.50 0.50
Trace mineral mix* 1.60 1.60
44 44
Vitamin mix 0.56 0.56
Corn oil 4.00 5.00
Cellulose (Solka Floe) 1.50 1.50
Tryptophan, per cent 
by calculation: 0.157 0.148
Feedstuff niacin, mg./kg. 
by analysis: 7.95 11.06
*
Composition listed in Table 1. 
Composition listed in Table 1.
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respectively, were fed to the hens over a period of seven 
weeks. By the seventh week, at which time four hatches of 
chicks were completed, it was observed that almost all soy­
bean niacin was available to the hen. Because of this ob­
servation, the groups of hens fed diets SN,. and SN^ during 
the first seven weeks were fed diets SNq and SN^ respec­
tively, for the following five weeks of the experimental 
period. This change was made to determine the magnitude of 
the niacin availability in soybean meal without, or with 
very little crystalline niacin supplementation. The groups 
of hens which were fed diets SN^ and SNg were kept on the 
same diets throughout the experimental period.
3. Available Niacin in Wheat Middlings. Experiment 6.
Sixty hens were used to determine the niacin availa­
bility from wheat middlings. The hens were alloted to four 
treatments, 15 hens per treatment. The experiment was con­
ducted for a period of 10 weeks.
Table 6 presents the middling basal diet, designated 
TNq , containing 7 per cent standard wheat middlings. The 
middlings of this diet supplied 11.06 mg. of niacin per kg. 
of feed. Diet TNq constituted one treatment. Niacin was 
then added to the middling basal diet to provide three addi­
tional diets containing 1.5, 3.0, and 4.5 mg. of crystalline 
niacin per kg. of feed. These diets are designated TN^
TNo and TN. _, respectively. The calculated tryptophan con-
J 4 • J
tent of the experimental diets was 0.148 per cent.
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EXPERIMENTAL RESULTS AND DISCUSSION
A. Measurements of Basal Metabolic Rate. Experiment 1 .
Experiment 1 was designated as a pilot experiment to
determine the response of basal metabolic rate (BMR) of hens
to available niacin intake. The hens were alloted to four
treatments and diets N~ , N, . , N,//Nrv/C and C were fed for0 44 44 0
a period of nine weeks.
Table 7 presents a summary of the feed consumption, 
body weight and BMR for all groups of hens. Figure 4 presents 
the average feed consumption and BMR of the hens fed diets 
N , N ^  and C, for the entire experimental period.
Comparison among groups fed diets Nq , and
N^/Nq/C (Table 7) indicates that there was no influence of 
niacin intake upon the BMR of the hens. However, comparison 
between group Nq or N ^  and C shows clearly that there was a 
highly significant influence of feed consumption upon the BMR 
of the hens. This is shown also by the fact that the BMR of 
group N^/Nq/C increased to 67.1 kcal./kg./24 hours with a 
feed intake of 62 gr./hen/day during the last week c£ the ex­
perimental period.
It is clearly shown that feed consumption was forced
to a very low level because of the nature of the Nq diet, the
elevated temperature during the first half of the experimental 
period and lack of egg production stimulation for a greater 
feed intake. With this diet, plus niacin, and an egg produc­
tion of 60 to 70 per cent we have experienced a feed consump­
tion of 75 to 85 grams per hen per day, with a temperature of
15.5 to 18.5°C.
Further examination of the data in Table 7 shows that 
group C gained weight, which indicates that feed consumption
TABLE 7. - Effect of diet treatments upon feed consumption (FC), body weight (BW) 
and basal metabolic rate (BMR). Experiment 1.
Diet
No N44 W cl C
2
Resp.
FC BW BMR FC BW BMR FC BW BMR FC BW BMR
Week
0 2137 2038 2015 1892 .
1 31 2015 - 32 2005 38.6 36 1954 39.3 57 1927 65.0
4 32 1967 37.2 33 1962 41.0 29 1916 33.8 - - -
5 35 1929 45.2 36 1970 44.6 32 1884 43.5 - - -
7 35 1968 43.2 36 1988 41.4 36 1910 44.0 - - -
9 39 1962 41.2 40 1991 40.0 62 1964 67.1 60 2049 63.2
Mean
(1-9) 34.4 1968 41.7 35.4 1983 41.1 58.5 1988 64.1
Diet N was fed during the first week, diet N„ during the next six weeks and
diet C during the eighth and ninth week.
2
Response: FC, gr./hen/day; BW, gr./hen; BMR, kcal./kg. of BW/24 hours.
FIG 4, Effect of diet treatments upon feed 
consumption (FC) and basal metabolic 
rate (BMR) in hens
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was greater than the maintenance requirements. The BMR of 
this group is somewhat lower than that reported by Mitchell 
et al. (1927b). The average respiratory quotient of this 
group was 0.716 which is in agreement with results obtained 
by Mitchel and Haines (1927a), Mitchell et al. (1927b) and 
Benedict et al. (1932). All groups except group C lost 
weight during the first half of the experimental period and 
maintained weight thereafter. Groups Nq and N ^  lost 175 
and 47 grams per hen, respectively, for the entire experimen­
tal period. This difference was not a significant one due to 
variation and small number of observations. It indicates, 
however, that niacin has some effect upon nutrient digestion 
and/or absorption.
For the experimental period of nine weeks, feed con­
sumption and basal metabolic rate for groups Nq and N ^  was 
34.4 and 35.4 gr./hen/day and 41.7 and 41.1 kcal./kg./24 hours, 
respectively. No significant difference was found between 
groups Nq and N ^  which indicates that niacin deficiency does 
not affect BMR. It should be noted, however, that the BMR 
of these hens was taken on a submaintenance plane of nutrition 
because of the consistently low feed consumption.
Group N^/Nq/C was included to show any difference of 
BMR due to different diets fed to the same hens. Diet Nq did 
not affect the BMR of this group when it was fed after diet 
N44. Diet C, however, increased the BMR of this group when 
fed for two weeks prior to the end of the experiment. During 
this time the greater amount of feed intake increased the BMR 
and body weight. The increased BMR shows clearly that cell 
activity was not damaged by the low feed intake and niacin 
deficiency.
Consideration of all the data indicates that there was 
a considerable influence of feed intake upon the BMR of hens.
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In a very early work, Anderson and Kulp (1922) reported that 
under vitamin starvation the lower metabolism in hens is co­
incidental with the feed consumption. This is in agreement 
also with experiments with steers and rats reported by 
Benedict and Ritzman (1923) and Gulick (1924) which show that 
undernutrition materially lowers basal metabolism. Vories 
(1937), on the contrary, reported that vitamin deficiency 
lowered the BMR of rats beyond the effect of decreased feed 
intake. The data of Table 7 shows that there is no influence 
of niacin deficiency upon the BMR of the hen. This is in 
agreement with experiments with chicks under riboflavin de­
ficiency and calves under vitamin A deficiency reported by 
Kleiber (1942) and Ritzman et al. (1945), respectively.
Since the composition of the diets in protein,
minerals and vitamins was made for a feed consumption of
approximately 55 gr./hen/day, it follows that hens fed diets
N„ and N,, consumed less of these nutrients in a given time 0 44
as a result of their low feed intake than they would have 
consumed with a 55 gram feed intake. The question may be 
raised as to whether or not the effect of diet upon BMR might 
have been due to the lower absolute intake of some nutrient(s) 
other than energy.
The relationship between nutrient(s) intake and BMR 
has been studied in several species and reviewed by Kleiber 
(1945). The author has not found convincing evidence to 
suggest that the low protein intake of the hens in this study 
would influence the BMR significantly. The hens used in this 
study were eighteen months old and they did not lay any eggs, 
or laid at a very low rate. Therefore, the requirements of 
these hens for protein and other nutrients were materially 
reduced. Provision was also made to supply all known vitamins, 
minerals and essential fatty acids in excess of their minimum
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requirement.
It seems reasonable to assume that the differences in 
BMR reported in this study were due to the differences in the 
intake of energy. Besides energy intake, the age of the hens 
and lack of egg production may contribute to the low BMR of 
the experimental groups. Funk and Kempster (1932) and Dukes 
(1937) showed that the BMR was lower in older hens and Dukes 
(1937) reported that egg production was accompanied by a 
small increase in basal metabolic rate.
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B. Determination of Pyridine Nucleotides. Experiment 2 .
Experiment 2 was designated as a pilot experiment to
determine the response of tissue pyridine nucleotide (PN)
concentration in hens to available niacin intake. The hens
were alloted to three treatments and diets N„, ZN, r and N, ,0 1.6 44
were fed.
The effect of dietary niacin upon the PN concentra­
tion in breast muscle, heart and liver of all groups of hens
is summarized in Table 8 and graphically in Figure 5. Feed 
consumption, niacin intake, egg production and body weight 
change for the first six weeks of the experimental period are 
presented in Table 9. For the rest of the period the data 
were too variable due to the small number of hens remaining 
in the experiment and thus were not included.
Statistical analysis of the PN concentration data 
revealed that each diet affected significantly the PN content 
of the breast muscle. This agrees with the work of Anderson 
et al. (1945) who reported similar results with chicks. The 
variation between hens treated alike, however, was such that 
no direct relationship could be established between niacin 
intake and PN concentration in breast muscle.
The highest level of niacin fed resulted in a signifi­
cantly higher pyridine nucleotide concentration in liver, but
diet ZN.. failed to increase liver PN level when compared to 
I. b
diet Nq . It was striking to find that both liver and heart 
PN level of group Nq was higher than that of group ZN^ The
differences observed, however, proved not to be of any statis­
tical significance and may be attributed to individual varia­
tion. The fact that the amount of PN of group ZN^  ^was not 
significantly different from that of group Nq indicates that 
liver PN was not affected by a niacin deficient diet, contrary
TABLE 8 . - Effect of dietary niacin upon tissue 
pyridine nucleotides.^" Experiment 2.
Diet Breast Heart Liver
No ZN1.6 N44 N0 ZN1.6 N44 No ZN1.6 N44
Week
3 - - - 257 - 245 302 - 372
4 - - - 255 - 259 249 - 362
5 258 - 378 319 - 276 362 - 421
6 258 302 337 336 292 246 324 333 309
7 248 252 370 418 269 445 373 311 525
8 253 294 323 283 273 333 327 292 359
9 218 268 382 280 224 439 278 287 534
Mean 247 279 358 307 265 320 316 306 412
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FIG 5. Effect of dietary niacin upon tissue
pyridine nucleotides of hens fed diets





TABLE 9. - Effect of dietary niacin upon feed consumption 
(FC), available niacin intake (ANI), egg pro­
duction (EP) and body weight change (BWC) for 
the first six weeks. Experiment 2.
Diet No ZN1.6 N44
FC, gr./hen/day 61 107 86
ANI, mg./hen/day 0.0 1.0 4.1
EP, per cent 26.6 71.4 63.7
BWC, gr./hen -11 87 -20
to observations made by Dann and Handler (1941) and Axelrod 
et al. (1939) with the dog and pig, respectively. This is 
possibly due to the ability of hen to maintain the liver PN 
level by decreasing egg production, voluntary muscle PN con­
tent, and other activities.
It is of interest to note that PN concentration in 
heart tissue was not significantly different in the groups 
fed the different niacin levels. This is in accordance with 
observations made by Anderson et al. (1944) with chicks.
Liver PN on the contrary, while it is not affected by a niacin 
deficient diet, may serve as a storage site of PN when high 
levels of niacin are fed.
The data of Table 9 show that the purified diet N ^  
depressed feed consumption and consequently egg production 
and body weight in comparison to semipurified diet ZN^ The
niacin deficient diet Nq further depressed feed consumption 
and egg production. The greater feed consumption of group 
ZNf q as compared to group is a result of improvement of
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palatability of diet ZN^ g by the addition of corn meal to 
the basal diet. All data presented indicate that niacin is 
adequate for both groups ZN^ g and N ^ .  Since diet ZN^ g 
supplies the approximate minimum niacin requirement for the 
hen it is suggested that the tissue PN concentration deter­
mined in group ZN^ g may express an adequate level of niacin 
intake for normal function.
In this experiment an effort was made to supply only 
the minimum tryptophan requirement of the hen but she probably 
uses part of it, especially during a niacin deficiency, as a 
precursor for PN formation. Diet N ^  gave a significantly 
higher liver PN level than diet ZN^ g. The difference in PN 
levels found in groups ZN^ g and N ^  may thus represent a 
reserve of liver PN and not an essential level since the hens 
of both groups gave equivalent performance as is indicated by 
the data in Table 9. This is in agreement with work reported 
by Fisher et al. (1955) with chicks. The liver PN concentra­
tion of group Nq , on the other hand, did not differ from that 
of group ZN^ g and, therefore, liver pyridine nucleotide con­
tent does not reflect adequacy of niacin intake for normal 
function.
The finding that heart and liver pyridine nucleotide 
concentration in hens is not affected by a niacin deficiency 
serves as indirect evidence that basal metabolism of the hen 
is not depressed by a niacin deficient diet. This supports 
the finding of the basal metabolic rate experiment reported 
previously.
53
C. Availability of Niacin in Yellow Corn, Soybean Oil Meal 
and Wheat Middlings.
A quantitative bioassay has been developed for evalu­
ating the availability of feed stuff niacin for hens. Best 
estimation of the available niacin intake is obtained with 
observed mean hatchability values between 22 and 76 per cent. 
Hatchability values smaller than 13 and larger than 85 per 
cent should not be used in equation X = 0.011Y - 0.041 (b).
1. Available Niacin in Yellow Corn.
Experiments 3 and 4 .
In experiment 3 diets ZNq , ZNj-, ZN^q and ZN^ ,. were 
tested. A summary of average daily feed consumption, daily 
dietary niacin intake, hatchability and estimated niacin 
availability in corn is presented in Table 10. A summary of 
egg production and body weight change is presented in Table 11.
Statistical analysis of the reported data showed that 
for the group fed diet ZNq , feed consumption, hatchability, 
egg production and body weight were depressed significantly, 
as compared to groups fed diets ZN,-, ZN-^ q and ZN^,.. No dif­
ferences were found among groups fed diets ZN,-, ZN^q and ZN^<_.
The data of Table 10 clearly indicates that corn niacin 
is mostly unavailable to the hen. Application of equation (b) 
for the mean hatchability obtained from group fed diet ZNq gave 
availability of niacin in corn equal to 33 per cent. Due to 
the variation of hatchability data, the lower and upper limit 
of confidence for corn niacin availability is 14 and 52 per 
cent, respectively. Direct comparison of hatchability obtained 
from groups number 1, 2, 3 and 4 (Table 4) indicates that the 
niacin availability in corn is equal to 32 per cent. This is 
in close agreement with the availability found by equation (b).
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TABLE 10. - Feed consumption, corn niacin intake (ZNI),
crystalline niacin intake (CNI), hatchability 







































TABLE 11. - Egg production and body 
Experiment 3.
weight change.











Feed consumption, egg production and body weight 
data confirms the fact that the corn niacin is only partly 
available to the hen. Diet ZNq depressed feed consumption, 
egg production and body weight, while diets ZNg, ZN^q and 
ZN15 gave equivalent results. Feed consumption and egg 
production of group ZNq were equivalent to those of group 
6 , presented in Table 4 which supplied 0.550 mg. of available 
niacin per hen per day. It is apparent that the addition of 
corn to the basal diet improves feed consumption and egg 
production despite of the low availability of corn niacin.
This improvement is a result of better palatability of the 
basal diet but other factors are probably involved.
In Experiment 4 diets Zg Z ^  ^  > Z^g ^  and Z^g ^
were used which contained 35, 45, 55 and 65 per cent corn,
respectively. A summary of average daily feed consumption 
daily corn niacin intake, hatchability and estimated niacin 
availability in corn is presented in Table 12. A summary of 
egg production and mean body weight change is presented in 
Table 13.
Statistical analysis of the presented data showed that
hatchability of eggs obtained from group Zg ^g differed from
that obtained from groups Z^g ^g and Z ^  gg. Also hatchability
from groups Z ^  ^  and Z^g ^g differed from that of group
Zl6 25* production and feed consumption of groups Zg ^g,
Z.. and Zn0 differed from that of group Z, ^  n c . No
11.25 13.75 lb.25
other differences were found among the groups. All groups, 
except Z^g lost body weight but none of them was different
from each other.
Hatchability data of all groups clearly demonstrates 
that corn niacin is mostly unavailable to the hen and confirms 
the findings of the previous experiment. Application of equa­
tion (b) for the mean hatchability obtained from groups Zg ^g,
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TABLE 12. - Feed consumption, corn niacin intake (ZNI), 










gr./hen/day mg./hen/day per cent per cent
Z8.7 5
88 0.770 23.2 28
Z11.25




103 1.674 58.6 36
TABLE 13. - Egg production and body weight change. 
Experiment 4.











Z11 25’ Z13 75 and Z16 25 gave availability of niacin equal 
to 28, 29, 29 and 36 per cent, respectively. The greater
availability of c o m  niacin in diet Z g  ^  may be attributed
to variation and/or to greater tryptophan intake. The
tryptophan intake of groups Zg and Z ^  was 136 and 161
mg. per hen per day, respectively. The minimum requirement
of the hen for tryptophan is approximately 135 mg. per day,
as reported by Johnson and Fisher (1958). If the greater
availability percentage for corn niacin in diet Z^g ^  is due
to more available niacin, then 0.134 mg. of niacin per hen
per day must derive from the 25 mg. of additional tryptophan
available to group Z^g 25* 11 takes, therefore, 187 mg. of
tryptophan to supply 1 mg. of niacin. This conversion ratio
is not in agreement with results reported by Briggs (1945),
West (1952) and Petterson (1956), according to which it takes
55 to 60 mg. of tryptophan to replace 1 mg. of niacin in
chicks under their experimental conditions.
Direct comparison of hatchability figures presented
in Table 12 and the equivalent hatchability figures presented
in Table 4 indicates that the availability of corn niacin is
31, 35, 30 and 36 per cent for diets Z0 Zn1 oc, Z10 n!Z and 
’ ’ r 8.75 11.25 13.75
ocj respectively. These figures are in close agreement
lb.
with those found by equation (b).
Feed consumption and egg production of groups presented 
in Table 4 and group Z^g presented in Tables 12 and 13 are 
equivalent. The available niacin intake, however, was 0.8 and 
0.4 mg. per hen per day for groups 8 and Z^g respectively.
A similar relationship can be calculated for group Z^g 25- No 
explanation could be found for these observations.
Since hatchability was depressed by feeding diet Z^g 25 
because of lack of adequate niacin, it was thought that addition 
of crystalline niacin would improve hatchability and probably
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feed consumption and egg production. Based on the informa­
tion obtained from group Z ^  255 was calculated that 
addition of 1.60 mg. of niacin per kg. of diet would increase 
hatchability to normal level. This new diet was fed to the 
same group of hens for six weeks immediately following the 
ten-week experimental period. The fourth week hatchability 
increased to 60.9, the fifth to 81.5 and the sixth to 95.8 
per cent. Based on the data obtained during the last two weeks 
of this six-week experimental period, it can be calculated that 
the niacin availability in corn is 30 per cent.
Consideration of all results obtained with corn diets 
shows that the niacin in corn is 30 per cent available to the 
hen. It is difficult to estimate the availability of corn 
niacin from feed consumption and egg production data. Feed 
consumption is a function of both diet palatability and avail­
able niacin intake. Egg production is a function of both 
feed consumption and available niacin intake. In addition, 
many other factors undoubtedly are involved.
When feeding the purified diets, the niacin intake 
affects feed consumption and egg production up to a minimum 
quantity of 0.8 mg. of niacin per hen per day, as reported by 
Ringrose et al. (1965). Above this level of niacin intake 
the feed consumption depends upon the palatability of the diet 
and the egg production upon feed consumption.
When feeding the corn diets which eliminate much of 
the palatability factor, again the niacin intake affects feed 
consumption and egg production up to a minimum of 0.8 mg. of 
available niacin per hen per day. In general, however, feed 
consumption and egg production of corn diet fed groups reach 
an equivalent feed consumption and egg production of purified 
diet fed groups with much less available niacin intake per 
hen per day. The equivalent results obtained with
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different amounts of available niacin intake may indicate 
that either the niacin requirement of the hen for egg pro­
duction and feed consumption is much lower than that reported 
by Ringrose et al. (1965) or that the corn diets stimulated 
higher feed consumption and egg production than the purified 
diets for reasons other than the available niacin from corn. 
Certainly the conversion of tryptophan to niacin played an 
important role in the results obtained but many other factors 
may be involved as well.
The low availability of corn niacin for the hen is in 
agreement with experimental results reported by Kodicek (1940b), 
Krehl and Strong (1944), Goldsmith et al. (1956), Kodiceket al. 
(1959) and Chaudhuri and Kodicek (I960), according to which 
most of the corn niacin is unavailable to the dog, microorgan­
isms, man, pig and rat, respectively. Gosh et al. (1963) re­
ported that 90 per cent of corn (Zea mays) niacin is unavailable 
to the microorganism Leuconostoe mesenteroides. Luce (1965) 
reported that corn niacin is largely unavailable to swine as de­
termined by N 1-methylnicotinamide excretion and growth data.
2. Available Niacin in Soybean Oil Meal.
Experiment 5 .
In this experiment diets SN^ and SN^ were tested 
during a 12-week experimental period and diets SN,- and SN^ 
during the first seven weeks of the experimental period.
Diets SNq and SN^  ^were substituted for diets SN,. and SN^, 
respectively, for the following five weeks of the experiment.
A summary of average daily feed consumption, daily 
dietary niacin intake, hatchability and estimated niacin 
availability in soybean meal is presented in Table 14. A 
summary of egg production and body weight change is presented 
in Table 15.
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TABLE 14. - Feed consumption, soybean niacin intake (SNI) 
crystalline niacin intake (CNI), hatchability 












gr./hen/day mg./hen/day per cent per cent
SNo* 99 (1) 0.785
93.6 100
sni!5 94 (1) 0.747(2) 0.141
96.8 -







*For the last five weeks of the experiment (Tables 28, 30).
TABLE 15 . - Egg production and body 
Experiment 5.
weight change.









*No appreciable change because of diet change (Tables 29,31).
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Statistical analysis of the presented data showed that 
no one group differed from another in any of the reported 
functions. Hatchability and feed consumption were not affected 
by the dietary niacin intake and all groups gained body weight. 
Egg production was equivalent but lower than expected for all 
groups. The low egg production may be due partly to the low 
egg production of the experimental stock at the beginning of 
the experiment and partly to the relatively high temperature 
of the summer months.
On the basis of the data obtained it is apparent that 
all the niacin found in soybean oil meal is available to the 
hen. The average soybean niacin intake of groups SN^ was
0.785 mg. per hen per day and the average hatchability recorded 
was 93.6 per cent for the five weeks. Combined data, reported 
by Manoukas (1963) and Ringrose et al. (1965) show that 0.830 
mg. of niacin intake per hen per day from a purified diet 
supported hatchability equal to 83.4 per cent over a five-week 
period. This information indicates that 0.785 mg. of niacin 
per hen per day could not support 93.6 per cent hatchability 
over a period of five weeks. Thus, it appears that the re­
quired niacin was obtained from the conversion of tryptophan to 
niacin. Group SN^ consumed 155 mg. of tryptophan per hen per 
day of which 20 mg. of tryptophan may be converted to niacin. 
With a conversion ratio of 187 mg. of tryptophan to 1 mg. of 
niacin, derived from Experiment 4, it can be calculated that 20 
mg. of tryptophan can supply 0.107 mg. of niacin. This quan­
tity of niacin increases the available niacin intake to 0.892 
mg. per hen per day which could maintain the hatchability re­
corded for this group. The same data demonstrates beyond any 
doubt that all niacin determined in the soybean meal was avail­
able to the hen.
No data could be found on the availability of soybean
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niacin for other species. Gosh et al. (1963) reported that 
peas (Pisus sativum) and other pulses do not contain a bound 
form of nicotinic acid. But groundnut (Arachis hypogea) and 
other oil seeds contain about 40 per cent of their total 
niacin in the bound form which is unavailable to Leuconostoc 
mesenteroides. It should be noted that the soybean oil meal 
used in this experiment was a heat-treated commercial product 
for direct use in poultry feeds.
3. Available Niacin in Wheat Middlings.
Experiment 6.
Diets TNq , TN^ , TN^ q and TN^  ^were tested in this 
experiment. A summary of average daily feed consumption, 
daily dietary niacin intake, hatchability and estimated niacin 
availability in wheat middlings is presented in Table 16. A 
summary of egg production and body weight change is presented 
in Table 17.
Statistical analysis of the reported data showed that 
groups fed diets TNq and TN^ ^ depressed significantly feed 
consumption, hatchability and egg production as compared to 
groups fed diets TN^ q and TN^ . Hatchability results of 
all groups differed significantly from each other. No other 
differences were found among the groups.
Hatchability data of all groups clearly shows that 
wheat middlings niacin is mostly unavailable to the hen. 
Application of equation (b) for the mean hatchability obtained 
from the groups TNq , TN^ 5 , TN^ Q and TN^  ^ gave availability 
of niacin equal to 34, 42, 38 and 39 per cent, respectively. 
With a conversion ratio of 187 mg. of tryptophan to 1 mg. of 
niacin, derived from Experiment 4, it can be calculated that 
the availability of niacin in wheat middlings for groups TN^ q 
and TN^  ^ is 34 and 33 per cent, respectively, because of
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TABLE 16. - Feed consumption, wheat middlings niacin intake 
(TNI), crystalline niacin intake (CNI), hatcha­























™ 4 . 5
100 (1) 1.106 
(2) 0.450
83.7 39
TABLE 17. - Egg production and body weight change. 
Experiment 6 .
Diet Egg Production Body Weight Change
per cent grams/hen
™ 0 56.0 16
™ 1 . 5 60.5 47






greater tryptophan intake compared to groups TNq and TN^
The niacin availability presented for group TN^  ^ cannot be 
explained on the basis of tryptophan conversion to niacin.
Feed consumption and egg production increased pro­
gressively as the available niacin intake increased. Feed 
consumption and egg production of all groups were greater 
than that recorded with hens fed the purified diet plus an 
equivalent quantity of crystalline niacin (Table 4). Similar 
results were obtained with hens fed the c o m  diets in Experi­
ments 3 and 4. No definite explanation can be offered for 
the observed differences.
Taking into consideration the conversion of trypto­
phan to niacin, it can be concluded that the availability of 
niacin in wheat middlings is 36 per cent for the hen. No 
information could be found for the availability of wheat 
middlings niacin for other species, with the exception of 
ducklings. Heuser and Scott (1953) suggested that the niacin 
present in wheat middlings appeared to be relatively unavail­
able to the duckling. Gosh et al. (1963) reported that 86 
per cent of the barley (Hordeum vulgare) niacin is in bound 
form and unavailable to Leucomostoc mesenteroides. Luce (1965) 
indicated that the niacin present in wheat is only partially 
available to swine.
4. Available Niacin in Poultry Feeds.
It is well recognized that the vitamin levels in feeds 
designated for use under a wide variety of conditions in com­
mercial poultry farming must be higher than the minimum re­
quirement as determined under optimum experimental conditions. 
In relation to niacin, however, approximately 23 mg. of sup­
plemental niacin per kg. of feed is used in practice because 
of lack of information concerning the minimum requirement of 
the hen for niacin and the availability of feedstuff niacin
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to the hen.
The minimum requirement of laying and breeding hens 
for niacin has been reported by Ringrose et al. (1965) and 
the availability of niacin in yellow corn, soybean meal and 
wheat middlings is presented in this study. Fish meal niacin 
is devoid of any bound form of niacin and it is considered to 
be available to the hen. No information is available relative 
to certain other feedstuffs used in poultry feeds.
On the basis of this information, the available nia­
cin supplied by the feedstuffs of a practical ration for 
breeding hens is presented in Table 18. Feed consumption 
equal to 100 grams of this feed per hen per day supplies a 
greater quantity of niacin than the minimum requirement of 
the hen for niacin.
TABLE 18. - Calculation of total and available niacin 
supplied by the feedstuffs used in the 
1967 New England College Conference breeder 
ration.
Ingredient Per Availa­ Niacin , mg./kg.cent bility Total Available
Ground yellow corn 66.60 30% 13.3 3.99
Wheat middlings 5.00 36% 6.2 2.23
Soybean oil meal (50%) 11.50 100% 3.4 3.40
Fish meal (60%,) 3.75 100% 3.2 3.20
Corn dist. dr. grains 
w. sol. 2.50 ? 2.0 +
Alfalfa meal (17%) 2.50 ? 1.2 +
Sum 29.3 12.82
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Therefore, supplementation of practical feeds for 
laying and breeding hens with synthetic niacin is not neces 
sary, unless factors other than the niacin availability in 
feedstuffs modifies drastically the practical requirement o 
the hen for niacin. No convincing evidence was found to 
support the latter possibility. It is suggested, however, 
that experiments should be conducted with commercial practi 
cal feeds to test this possibility.
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CONCLUSIONS
1. The basal metabolic rate of the hen was not affec­
ted by the quantity of niacin intake.
2. A high level of niacin intake significantly in­
creased the pyridine nucleotides in breast muscle and liver. 
Niacin deficiency significantly depressed breast muscle pyri­
dine nucleotides but it did not depress heart or liver pyri­
dine nucleotides. Tissue pyridine nucleotides do not reflect 
adequacy of niacin intake. No direct correlation could be 
established between the dietary niacin intake and tissue pyri­
dine nucleotides in the hen.
3. Hatchability of eggs was found to be a well 
recognizable linear function of niacin intake over a wide 
range of intake. This function constituted the basis of a 
bioassay procedure for determining the availability of feed­
stuff niacin for the hen.
4. The niacin availability in yellow corn, soybean 
oil meal and wheat middlings is approximately 30,100 and 36 
per cent, respectively, for the hen.
5. It was shown that tryptophan was converted to 
niacin in a ratio of 187 mg. of tryptophan to supply 1 mg. of 
niacin.
6 . On the basis of the reported results in this study, 
most of the available feedstuff niacin in a practical poultry 
feed can be determined by calculation.
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TABLE 19. - Feed consumption (FC), body weight (BW) and 
basal metabolic rate of hens fed diets N»
Experiment 1.
Week Hen no.
Diet Nq Hen 
no.
Diet N, , 44
FC BW BMR FC BW BMR
(1) (2) (3) (1) (2) (3)
0 1 _ 2571 _ 5 _ 2130
2 - 2331 - 6 - 1873 -
3 - 2073 - 7 - 2015 -
4 - 1572 - 8 - 2145 -
1 1 29 2450 - 5 31 2110 36.8
2 35 2230 - 6 31 1795 40.6
3 29 1961 - 7 35 2005 40.6
4 30 1420 - 8 30 2110 36.2
4 1 20 2300 21.7 5 25 1920 49.5
2 31 2001 45.6 6 30 1780 39.4
3 37 2005 39.7 7 33 1937 39.3
4 39 1560 41.9 8 45 2209 35.9
5 1 Sick - - 5 30 1937 48.4
2 41 2005 49.6 6 56 1820 42.0
3 33 1959 41.4 7 24 1923 59.0
4 30 1550 49.6 8 32 2200 29.0
7 1 33 2245 24.9 5 31 1945 45.9
2 44 2105 48.1 6 48 1878 38.0
3 30 1950 45.8 7 36 1935 51.4
4 31 1560 54.1 8 29 2195 30.3
9 1 52 2280 34.4 5 34 2033 49.9
2 40 2100 36.9 6 48 1870 43.5
3 43 1971 31.1 7 44 1943 36.7
4 21 1497 62.3 8 32 2119 29.7
(1) FC, grams per hen per day
(2) BW, grams per hen
(3) BMR, kcal per kg. of BW per 24 hours
continued -
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TABLE 19. - Feed consumption (FC), body weight (BW) and
basal metabolic rate of hens fed diets





Diet N44/N0/C Hen 
no.
Diet C
FC BW BMR FC BW BMR
(1) (2) (3) (1) (2) (3)
0 9 _ 1430 _ 13 _ 1780 _
10 - 2321 - 14 - 2020 -
11 - 2093 - 15 - 1915 -
12 - 2215 - 16 - 1851 -
1 9 28 1320 44.5 13 55 1794 73.1
10 40 2310 34.7 14 64 2135 58.9
11 37 2051 36.2 15 47 1845 52.9
12 38 2133 41.8 16 63 1935 76.0
4 9 20 1140 20.6 _ _ _ _
10 35 2298 38.0 - - - -
11 34 2131 32.9 - - - -
12 28 2093 43.8 - - - -
5 9 28 1135 46.9 _ - - -
10 42 2250 38.4 - - - -
11 33 2151 37.1 - - - -
12 26 1999 51.6 - - - -
7 9 52 1195 51.9 _ — - -
10 34 2305 35.3 - - - -
11 26 2001 41.2 - - - -
12 32 2138 47.5 - - - -
9 9 59 1305 80.7 13 61 1815
10 56 2320 - 14 61 2145 61.1
11 64 2117 60.1 15 64 2335 42.6
12 67 2113 60.5 16 53 1901 85.8
(1) FC, grams per hen per day
(2) BW, grams per hen
(3) BMR, kcal per kg. of BW per 24 hours
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TABLE 20. - Pyridine nucleotide concentration in breast 
muscle, heart and liver. Experiment 2.
Diet Breast Heart Liver
No ZN1.6 N44 No ZN1.6 N44 No ZN1.6 N44
Week
3 211 286 286 427
- - - 303 - 203 317 - 317
4 _ _ 219 _ 250 265 391
- - - 291 - 268 332 - 332
5 252 _ 373 307 __ 277 318 407
263 - 383 330 - 274 406 - 435
6 287 318 330 328 283 215 309 319 307
229 316 344 344 264 276 339 337 311
- 295 - - 272 - - 312 -
- 277 - - 350 - - 364 -
7 251 281 373 428 263 451 403 324 501
244 245 367 408 285 438 343 304 548
- 238 - - 274 - - 355 -
- 243 - - 252 - - 261 -
8 256 243 319 322 303 333 341 295 364
249 327 327 243 243 332 313 255 354
- 310 - - 285 - - 332 -
- 297 - - 261 ■ - - 287 -
9 203 265 421 280 194 463 280 269 516
232 271 343 280 253 416 276 304 551
*
All figures express pg. per gr. of fresh tissue #
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TABLE 21. - Effect of dietary niacin upon hatchability.
Experiment 3.
Week Diet
ZN0 ZN5 ZN10 ZN15
per cent
1 90.7 94.1 96.0 90.5
2 67.6 92.9 94.1 85.7
3 32.5 86.0 90.7 84.9
4 19.1 86.0 96.2 87.5
5 5.1 83.6 94.5 88.0
6 2.7 83.6 94.3 92.0
7 3.1 83.0 94.8 86.8
8 16.7 86.0 92.7 91.7
9 12.9 92.6 94.0 85.4
10 10.0 93.0 94.5 88.0
Mean 26.0 88.1 94.2 88.1
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TABLE 22. - Effect of dietary niacin upon egg production.
Experiment 3.
Week Diet




2 84.5 85.7 77.4 78.6
3 83.3 85.7 84.5 79.8
4 71.4 85.7 89.3 84.5
5 59.7 82.1 88.1 82.1
6 57.1 83.3 78.6 76.2
7 46.8 75.0 84.5 81.0
8 42.9 77.4 86.9 79.8
9 48.1 86.9 88.1 84.5
10 54.5 83.3 85.7 78.6
Mean 63.2 81.9 83.8 80.1
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TABLE 23. - Effect of dietary niacin upon feed consumption.
Experiment 3.
Week Diet




per hen per day 
93 96
3-4 91 107 106 108
5-6 78 105 108 107
7-8 78 104 109 107
9-10 78 104 105 104
Mean 84 103 104 104






Initial 1787 1799 1791 1805
10 1651 1984 1945 1972
Gain -136 185 154 167
83








2 56.7 59.7 62.3 84.2
3 32.2 44.1 43.7 81.1
4 13.7 29.0 36.8 70.1
5 13.5 24.2 32.3 51.4
6 10.9 18.5 29.1 47.8
7 8.1 15.9 26.5 43.8
8 9.1 14.9 20.4 39.3
9 4.9 14.3 18.4 42.1
10 2.4 14.0 19.2 41.2
Mean 23.2 31.3 37.1 58.6
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TABLE 26. - Effect of dietary niacin upon egg production.
Experiment 4.
Week Diet




2 80.2 79.1 79.1 82.9
3 66.7 77.1 73.3 81.0
4 56.2 72.4 70.5 79.0
5 57.1 68.6 65.7 83.7
6 61.2 62.2 65.3 79.6
7 59.2 54.1 60.4 76.5
8 52.0 52.0 60.4 75.5
9 41.8 48.0 64.8 72.4
10 48.0 51.0 65.9 74.5
Mean 60.2 64.5 68.6 79.2
J t? 
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TABLE 27. - Effect of dietary niacin upon feed consumption.
Experiment 4.
Week Diet




per hen per day 
103 104
3-4 88 93 99 104
5-6 90 93 89 104
7-8 83 .95 93 102
9-10 81 91 88 100
Mean 89 94 95 103
TABLE 28. - Effect of dietary 
Experiment 4.
niacin upon body weight.
Week Diet
Z8 .75 Z11.25 Z13.75 Z16.25
grams per hen
Initial 1822 1831 1817 1850
10 1694 1725 1749 1859
Gain -128 -106 -68 9
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TABLE 28A. - Effect of dietary niacin upon hatchability, 
feed consumption and egg production of hens 
fed diet Z^g 25 supplemented with 1.60 mg. 









per cent gr./hen/day per cent
1 48.2 - 63.8
2 52.4 101 67.6
3 54.8 - 67.6
4 60.9 107 70.5
5 81.5 - 78.1
6 95.8 113 81.0
Mean 65.6 107 71.4
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TABLE 29. - Effect of dietary niacin upon hatchability.
Experiment 5.
Week Dietsn3 SN5 SN? SN9
per cent
1 91.3 91.7 91.3 91.3
2 93.1 96.2 89.3 95.0
3 90.9 93.5 97.8 92.1
4 94.6 91.9 94.7 93.5
5 87.2 91.1 89.2 87.9
6 87.5 96.8 94.3 91.7
7 94.3 95.9 96.9 93.9
Diet change SNo SN1.5
8 90.9 94.7 93.8 96.6
9 92.1 97.5 100.0 100.0
10 97.1 94.9 93.3 92.6
11 93.5 90.3 96.8 96.2
12 90.0 90.6 100.0 93.1
Mean(l-7) 91.3 93.9 93.4 92.2
Mean(8-12) 92.7 93.6 96.8 95.7




TABLE 30: - Effect of dietary niacin upon egg production.
Experiment 5.
Week Dietsn3 SN5 SN? sn9
per cent
1 64.3 64.3 70.4 70.3
2 54.1 57.1 65.3 67.0
3 49.0 56.1 62.6 65.9
4 48.0 56.1 61.9 60.2
5 50.5 56.1 57.1 56.1
6 52.7 50.0 56.0 50.0
7 49.5 58.2 56.0 46.9
Diet change SN0 SN1.5
8 49.5 60.5 54.8 50.0
9 54.9 59.3 52.4 54.3
10 56.8 52.7 52.4 51.9
11 63.1 59.3 54.8 53.6
12 57.1 56.0 51.2 51.6
Mean(l-7 ) 52.6 56.8 61.3 59.5
Mean(8-12) 56.3 57.5 53.1 52.3
Mean(l-12) 54.1 57.1 57.9 56.5
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grams per hen per day
0-2 88 86 91 86
3-4 91 99 98 97
5-6 96 96 97 94
* *
7-8 94 98 94 90
9-10 102 96 94 87
11-12 106 101 96 95
Mean 96 96 95 92
*
No appreciable change because of diet change.
TABLE 32. - Effect of dietary 
Experiment 5.
niacin upon body weight.
Week Diet
sn3 SN5 sn? sn9
grams per hen
Initial 1719 1737 1720 1721
12 1895 1925* 1903* 1866
Gain 176 188 183 145
*
No appreciable change because of diet change.
90








1 85.5 90.7 91.1 93.0
2 73.4 89.8 91.7 90.3
3 43.1 76.9 84.3 92.2
4 20.4 53.8 59.2 90.5
5 18.6 44.0 61.2 87.3
6 23.3 48.6 49.1 77.8
7 21.9 25.0 57.7 75.4
8 11.4 23.5 47.7 76.0
9 0.0 29.7 69.4 84.3
10 29.2 26.9 61.4 70.0
Mean 32.7 51.0 67.3 83.7
91













2 78.1 79.0 82.9 80.0
3 75.2 75.5 81.0 84.8
4 73.3 75.5 81.0 81.9
5 60.0 73.5 76.2 82.9
6 43.8 53.1 68.6 83.8
7 41.9 40.7 62.9 76.2
8 44.8 46.9 58.1 71.4
9 30.5 45.9 67.3 63.8
10 31.4 35.7 58.2 56.2
Mean 56.0 60.5 71.9 76.1
V-'
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grams per hen per day
0-2 99 92 103 102
3-4 88 90 104 108
5-6 79 82 98 108
7-8 81 82 90 96
9-10 76 74 89 86
Mean 85 84 97 100
TABLE 36. - Effect of dietary 
Experiment 6.
niacin upon body weight.
Week








Initial 1761 1718 1727 1771
10 1777 1765 1772 1833
Gain 16 47 45 62
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